Objectives: Blunt SBI is infrequent and its diagnosis may be difficult, especially in the face of confounding variables. The purpose of this study was to evaluate methods for making the diagnosis of blunt SBI. 
B
lunt small bowel injury (SBI) is an infrequent diagnosis. [1] [2] [3] [4] [5] [6] Although small bowel rupture has been reported to be the third most common injury in blunt abdominal trauma, its absolute rate of occurrence makes it a rare phenomenon. [1] [2] [3] [4] [5] [6] As a result, experience with this injury is limited and exposure of surgeons to SBI occurs sporadically and over long periods of time. Few centers have a significant experience with these injuries, and there are therefore few reports with large data sets in the literature. No widely accepted diagnostic approach has been adopted in the diagnosis of blunt SBI. This is evidenced by the significant variation in diagnostic approaches among experienced trauma surgeons noted in a recent survey. 7 Before the adoption of abdominal computed tomographic (CT) scan as the primary diagnostic tool for the evaluation of blunt abdominal trauma, diagnostic peritoneal lavage (DPL) was the most commonly used diagnostic methodology for the patient with suspected blunt abdominal injury. Exploratory laparotomy was performed relatively frequently for stable patients with solid organ injury. The preoperative diagnosis of SBI was made infrequently, and small bowel perforation was typically an incidental finding during celiotomy for hemoperitoneum and solid organ injuries. Delays in the diagnosis of blunt SBI were not commonly encountered, given the high sensitivity of DPL and the rarity of isolated SBI. As CT scan replaced DPL as the diagnostic study of choice for evaluating blunt abdominal injury, 8 strategies for nonoperative management of solid organ injury were developed. Contemporary series report that over 50% of patients with blunt solid organ injury can be managed nonoperatively. 9, 10 Because these patients no longer undergo early laparotomy, an important opportunity to diagnose blunt SBI is lost. Although some authors have proposed abdominal CT scan as an accurate method for diagnosing SBI, falsenegative rates of approximately 15% have made it difficult to endorse CT scan as a reliable test for excluding SBI. 11 Recent published data suggest that significant morbidity and mortality can be attributed to delay in the diagnosis of blunt SBI. 1 These findings, along with the introduction of abdominal CT scan as the primary diagnostic tool for blunt abdominal trauma and the acceptance of nonoperative management for solid organ injury, have resulted in controversy regarding the optimal diagnostic approach for early diagnosis of SBI. The dilemma facing the practicing surgeon caring for a patient with possible blunt SBI and a "normal" abdominal CT scan is whether the risk of observation for this rare injury (delay in diagnosis with increased morbidity and mortality) outweighs the risks of a nontherapeutic laparotomy, especially in the patient with other life-threatening injuries.
The purpose of this study was to analyze data on blunt SBI from a large multi-institutional experience and critically evaluate currently available diagnostic methods for this injury. The specific goals were to determine the negative predictive value of a normal abdominal CT scan, evaluate causes for delay in the diagnosis of blunt SBI, and develop sensitive and specific models for early diagnosis of blunt SBI.
PATIENTS AND METHODS

Study Design
The goal of this study was to determine which signs, symptoms, and laboratory or radiologic findings are most valuable in the diagnosis of blunt SBI. Because of the low incidence of SBI in any single institution, only a well-designed multi-institutional study would acquire enough cases for meaningful in-depth analysis. Because SBI is often difficult to differentiate from other forms of hollow viscus injury (HVI), the initial data set included all HVI and SBI patients. Data were abstracted on trauma patients with confirmed blunt hollow viscus injury, and for comparison purposes, on patients who had workups for potential abdominal injury but who did not have hollow viscus injury. In addition, data were collected on the number and type of injured patients admitted to participating institutions during the time frame of the study.
The study used a retrospective, descriptive, case-control design with a 1:1 match of cases to controls. Index (or primary) cases were patients with any blunt hollow viscus injury (International Classification of Diseases, Ninth Revision, , excluding isolated pancreas injuries). Matching control cases were patients who were worked up for suspected blunt intra-abdominal injury but who did not have hollow viscus injury. A patient was defined as having had an abdominal workup if they had any one or more of the following tests or procedures performed: abdominal CT scan, diagnostic peritoneal lavage, abdominal ultrasound, or exploratory laparotomy. Patients were case-matched on age (Ϯ 5 years) and Injury Severity Score (Ϯ 20%). Both cases and controls were allowed to have non-HVI intra-abdominal and nonabdominal injury.
Study Sample
Data were collected retrospectively from the registries of the 95 participating trauma centers. All members of the Eastern Association for the Surgery of Trauma were invited to join the study, and the 95 centers represent a nonrandom sample of those institutions that volunteered to participate. The case sample consisted of all patients with HVI after blunt injury meeting the case inclusion criteria (above) who were seen at participating institutions during the time frame of the study, January 1, 1998 , to December 31, 1999 . All ages were included. The control (match) sample consisted of patients meeting the control inclusion criteria (above) for the study period. Cases were matched for age (Ϯ 5 years) and Injury Severity Score (ISS) (Ϯ 20%). Matches were made as exactly as possible on both age and ISS, with preference given to age in the case of nonexact matches. In the event that more than one control matched a case, the case to be included was selected randomly from the eligible matches. Each control was matched to only one case (i.e., a control could not be entered into the study more than once).
Data Collection
Patient level data were abstracted by individual chart review at the participating institutions using a standardized data collection form with a data dictionary. Patient identifiers (name, patient identification number, or social security number) were deleted by the principal study center before entry into the data set. Data were collected on medical history, physical examination findings (tenderness, distention, appearance, peritoneal signs, contusion, abrasion, and previous operation), transferring facility, demographic, other injuries, laboratory studies and results, diagnostic studies, operative procedures, complications, and outcome. The date and times of key events were recorded, including the times of injury, transfer, hospital arrival, performance of diagnostic and laboratory tests, diagnosis of an HVI, operations, and discharge/ death. Morbidity was assessed by evaluating complications and unplanned readmissions in the small bowel injury and non-small bowel injury patients. Readmission was defined as an unplanned readmission for care of an injury resulting from the original injury event.
Institution-specific data included level of trauma center (e.g., Level I, Level II), American College of Surgeons verification status, teaching status, number of hospital beds, total number of trauma patients seen, annual number of trauma admissions, and percentage of blunt trauma. Information was also collected on the total annual numbers of CT scans, DPLs, ultrasound examinations, and laparotomies performed.
Data Definitions
Patients were classified on the basis of the types and locations of their injuries. Patients were further subclassified as having any SBI or an ileojejunal SBI. If patients had more than one SBI, each injury was classified appropriately. Patients were classified as having an isolated SBI if they had no injuries other than SBI with an ISS Ͼ 1. Patients were classified as having a small bowel perforation only if they had full-thickness perforations. Patients who had small bowel hematomas or serosal tears but no perforation were not classified as having perforated injury. Because it is possible that some nonperforating injuries may go unrecognized, the estimates for SBI likely represent the lower bound for the number of these injuries. To help control for this, separate analyses were performed comparing only perforating (confirmed) injuries.
Mortality and morbidity after small bowel perforation are directly related to prompt diagnosis and treatment. This study attempted to capture measures of both, and so patients were classified on variables to describe the promptness of diagnosis and the rapidity of intervention to repair the SBI. Rapidity of intervention was defined as how long the patient waited for surgery and was named "time to operative intervention." Time to operative intervention was defined as the time in hours from injury until the patient underwent definitive operative repair of the small bowel perforation. To study the effect of delay in treatment on outcome, the time from injury to repair was stratified into one of three groups: (1) early (Ͻ 8 hours), (2) intermediate (8 -24 hours) , and (3) late (Ն 24 hours).
Deaths were classified by their cause as either caused by the small bowel injury (SBI attributable deaths) or not caused by small bowel injury (non-SBI deaths). A death was classified as caused by a small bowel injury if a patient met all three of the following criteria: a small bowel perforation was verified on operation/autopsy, death was confirmed as involving peritoneal sepsis, and the death was not directly attributable to or exacerbated by another injury or illness. Any deaths that did not meet all three criteria, and so were not directly caused by SBI, were classified as non-SBI deaths. Complications were identified during chart review on the basis of standardized definitions.
Data analyses were performed using SPSS for Windows 10.13 (SPSS, Inc., Chicago, IL). Multigroup comparisons were performed using multivariate analysis of variance, analysis of variance, t tests, Fisher's exact test, or 2 as appropriate. Correlations were performed using Pearson's r. The level of significance was set at p Ͻ 0.05 for all tests unless a lower level was indicated as being substituted for statistical stringency.
This study received institutional review board approval before the initiation of data collection. Patient identifierstripped data were stored on a password-controlled computer on a secure server.
RESULTS
Participating Institutions
A total of 95 trauma centers contributed data from their databases and/or registries for the study period January 1, 1998 , to December 31, 1999 . The contributing institutions were predominately Level I (n ϭ 68 [71.6%]) and Level II (n ϭ 19 [20.0%] ) trauma centers, with a small number of Level III and nondesignated institutions (n ϭ 8 [8.4%] ). The majority were teaching institutions (n ϭ 82 [87.2%]). The mean number of total hospital beds per institution was 566 (range, 58 -1,600) ( Table 1 ).
The participating institutions had a combined total of 275,557 trauma admissions for the 2-year study period. This was a mean of 1,450 trauma admissions per institution annually, ranging from a low of 63 to a high of 7,998. As expected, Level I centers were busier on average than Level II centers, which were busier than Level III and nondesignated centers. Of all the admissions recorded, 227,972 blunt injury patients were identified (82.7%), of whom 37.6% (n ϭ 85,643) had an abdominal workup. The mean number of controls seen annually was 497 per institution (range, 40 -2,603). The mean number of blunt SBI patients seen annually was 13 per institution (range, 1-47). Control patients outnumbered small bowel injury patients at a rate of about 34:1 (Table 1) .
Institutions varied in the diagnostic tests used. Level I and Level II centers performed similar percentages of CT scans (36%), with Level III and nondesignated centers performing somewhat fewer (22%). Abdominal ultrasound showed a similar use pattern, but there was a great deal of variation within each category, with many institutions performing no ultrasound examinations and others performing them on nearly every patient. Institutions performed a small number of DPLs (19 per 100 abdominal workup admissions at teaching hospitals). Laparotomy rates ranged from less 603 (36) 330 (36) 141 (22) 518 (36) Trauma abdominal ultrasound examinations, n (%)
243 (14) 102 (11) 8 (1) 196 (14) Trauma diagnostic peritoneal lavages, n (%) 32 (2) 13 (1) 4 (1) 26 (2) Trauma laparotomies, n (%)
95 (6) 27 (3) 13 (2) 76 (5) ACS, American College of Surgeons.
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Volume 54 • Number 2than 1% of admissions at a nondesignated center to 37.1% of admissions at a Level I center seeing over 70% penetrating trauma. A summary by center level appears in (Table 1) . Of the 2,457 patients identified with SBI for the 2-year study period, charts were available, abstracted, and submitted for 2,249 (91.5%) of the eligible patients. Of the 83,174 identified non-SBI control patients, 2.3% (n ϭ 1,895) were matched and had charts available, abstracted, and submitted. A total of 4,144 completed, usable charts were submitted for final inclusion in this analysis. Prevalence estimates for all injuries were made on the basis of appropriate weighting of the abstracted cases to reflect their occurrence in the entire cohort of trauma admissions from the participating institutions.
Small Bowel Prevalence Estimates
In this review, small bowel injury was diagnosed in less than 1.0% of all admissions and only 1.1% of all admissions after blunt injury. Jejunoileal small bowel injury was found in 0.9% and perforated SBI in 0.3% of patients ( Table 2 ). The incidence of SBI in patients undergoing at least one diagnostic study of the abdomen was 2.9%. Specific subgroups of injuries accounted for proportionately less of the abdominal workup diagnoses ( Table  2 ). The rest had either hematomas or serosal tears, and transmural injuries (perforations) occurred in only 25%. Duodenal injuries accounted for a small but important number of SBIs (n ϭ 318 [12.0%] ). Of interest also was that the study sample included 10 blunt appendiceal ruptures (Table 2) . A summary of prevalence estimates for different types of SBI is given in Table 2 as a percentage of all admissions, all blunt admissions, all blunt abdominal workups, and all hollow viscus injury patients.
Morbidity
Morbidity was assessed by evaluating complications and unplanned readmissions in the small bowel injury and nonsmall bowel injury patients. The unplanned readmission rate was 4.2%. The readmission rate for SBI was 5.8% versus 2.3% for the non-SBI group. The relative risk of readmission for SBI patients was 2.6 times greater than for patients without SBI (95% confidence interval [CI], 1.8 -3.7) .
Information on all complications for all patients was collected and patients were first categorized as to whether or not they had any complications (yes/no). The most frequently occurring complication diagnoses were then further grouped into the major complication categories of intra-abdominal abscess, acute renal failure, acute respiratory distress syndrome, systemic sepsis, pneumonia, deep venous thrombosis, and wound dehiscence.
The overall complication rate for all patients was 21.8%. Small bowel injury significantly increased the complication rate compared with the non-SBI group (13.4 vs. 28.9 , p Ͻ 0.001). SBI and all of its subgroups also had higher rates of all of the individual complications than non-SBI patients. The most common complication for both groups was pneumonia (SBI, 16.7%; non-SBI, 9.6%; p Ͻ 0.001). A complete complication summary is given in Table 3 .
Mortality
Mortality was high for SBI. Overall, the mortality rate for SBI patients was 19.1%. This was significantly higher 
Morbidity and Mortality and Time to Operative Intervention
Prolonged time to repair of a perforated small bowel injury increased both morbidity and mortality. When operative control of enteric contamination was delayed (Ͼ 24 hours), there was a significant increase in the rates of intra-abdominal abscess, sepsis, and wound dehiscence compared with perforations repaired early (Ͻ 8 hours) ( Table 5 ).
In the patients who had isolated perforation of the small bowel (no other injury with an Abbreviated Injury Scale score Ͼ 1), differences were also dramatic. Patients with perforated SBI who had their repair performed within 8 hours had a significantly lower overall complication rate and lower rates of acute renal failure and sepsis.
Time to operative intervention was a major factor in mortality. In the isolated SBI group, mortality was nearly quadrupled by delaying operative repair past 24 hours. Patients who had their repair performed within 24 hours had 4% mortality, whereas patients who had their repair performed after 24 hours had 15% mortality (p ϭ 0.029). A complete summary appears in Table 5 .
Diagnostic Assessment
Mechanism of Injury
A particular mechanism of injury (MOI) can be a trigger for the surgeon that the risk of SBI is high. Assessment of the relative risk of SBI in patients with blunt mechanisms of injury may help identify patients at increased risk for perforated SBI. The major MOIs in this data set were motor vehicle crashes (MVCs), falls, and pedestrians struck. Over 15% of patients injured in MVCs had perforated SBI compared with 10.5% of those injured by other mechanisms. This indicated that patients in MVCs were 1.5 times more likely to have a small bowel perforation than patients who had any other MOI (95% CI, 1.2-1.8). Patients injured by falls were actually at decreased risk overall compared with nonfall patients (6.7% vs. 14.1%; RR, 0.7; 95% CI, 0.65-0.75) ( Table 6) .
MVCs were further broken down into vehicle-specific variables that might be indicative of increased risk. Airbag deployment, seating position, seat belt use, and seat belt mark were all examined for relative risk. Passenger seating posi- 
Physical Examination
All patients had an initial physical examination recorded including results for evaluation for tenderness, distention, appearance, peritoneal signs, markings, and previous operations. The most common finding on physical examination of the abdomen was tenderness, which was present in 41.9% of patients. Patients with SBI had significantly higher rates of abdominal tenderness (71.7%) than did patients with nonperforated SBI (52.7%) or no SBI (23.4%). Similarly, they had a higher rate of positive peritoneal signs (32.6% vs. 17.3% vs. 3.7%, p Ͻ 0.001). Perforated SBI patients also had higher rates of abdominal distention than non-SBI patients (30.8% vs. 10.4%, p Ͻ 0.001) ( Table 7) .
Laboratory Blood Work
Most (96.6%) of the included patients had laboratory blood work sent for analysis. Initial white blood cell (WBC) and red blood cell (RBC) counts were not significantly different for patients with perforated SBI, nonperforated SBI, and no SBI. Even though the non-SBI patients had a significantly lower amylase level than SBI patients, there was no clear cutoff that could help to differentiate SBI from non-SBI patients, nor could perforated patients be differentiated successfully (Table 7) .
Plain Radiography
Over 94% of the included patients underwent plain chest radiography (n ϭ 3,911). A reading of abdominal free air was significantly more common in patients with perforated small bowel injury than in patients with either nonperforated SBI or no SBI (3.7% vs. 1.8% vs. 1.4%, p Ͻ 0.001). However, the number who were positive for free air was extremely small overall, and the positive predictive value of pneumoperitoneum on chest radiograph film for small bowel perforation was only 26.0% (Table 7) . We were unable to determine how many radiographs were obtained with the patient in an upright position.
Only approximately 10.4% of the study group had an abdominal radiograph of some type obtained (kidneys, ureters, bladder; flat plate; pelvis) (n ϭ 431). Although Chance fractures were rare (n ϭ 9 [2.3%]), the diagnosis of a Chance fracture on abdominal film was highly suggestive of an SBI, with 89% of these patients having some form of SBI. However, only 55.5% of the SBIs were perforated. Of the 13 patients with free air on abdominal film, 12 (92.1%) had a small bowel injury, but only 61.5% (n ϭ 8) of these were perforating injuries. However, 12 of the 13 (92.1%) patients with free air had some HVI perforation (including colon and small bowel), so pneumoperitoneum was predictive of perforation but was not specific to SBI (Table 7) .
Ultrasonography
Nearly one third of patients had an abdominal ultrasound examination performed (n ϭ 1,367). This was highly variable by institution, with some institutions performing ultrasound on nearly every patient and others performing no ultrasound examinations at all. Although perforated SBI patients had a higher incidence of free fluid on ultrasound examination than non-SBI patients, they did not differ significantly from nonperforated SBI patients. Even when the analysis was limited to patients with no other abdominal injuries other than SBI who had an ultrasound examination (n ϭ 489), the positive predictive value of ultrasound for SBI was 38.0% (Table 7) . 
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Diagnostic Peritoneal Lavage DPL was performed on 14.3% of the included patients. The majority were performed at the trauma center (n ϭ 549 [92.4%]) rather than at the transferring institution. Of those tested, 71.3% were interpreted as being a positive examination by standard laboratory findings or visual inspection. The presence of enteric content in the DPL fluid was a rare finding. Of the DPL results that were read as having enteric contents, 35% had perforated SBI, 35% had perforated colon injury, and 30% had no hollow viscus injury. Microscopic laboratory findings were significantly elevated for perforated and nonperforated SBI when compared with non-SBI patients (p Ͻ 0.001 for all comparisons). All patients who had over 500 WBCs in their DPL fluid had an SBI (n ϭ 42), although the level of WBC count could not differentiate the presence or absence of a perforation because there were 26 patients who had less than 500 WBCs and still had SBI. However, the number of patients who had DPL microscopic findings reported was small (n ϭ 112), so these results should be interpreted cautiously.
Computed Tomographic Scan
Over three quarters (78.6%) of the patients in the study underwent CT scanning as part of the initial evaluation. CT scan was fair at differentiating those who had small bowel injury from those who did not but performed less well in differentiating those who had perforation from those who did not. The most common finding was fluid, noted in 71.6% of patients. Of those with fluid, 21.1% had perforated SBI. Free fluid without solid organ injury was associated with an 84.2% incidence of SBI but only a 30.5% incidence of small bowel perforation. Pneumoperitoneum on CT scan was pathognomonic for HVI (91.5%) but was not discriminating for SBI, as only 43.8% of the patients with pneumoperitoneum had a perforated SBI and the rest had other HVI.
A logistic regression model was used to predict the presence of any SBI or perforated SBI using 25 individual CT scan findings per patient. The best predictive model for SBI used the presence of free fluid, pneumoperitoneum, and bowel wall thickening to predict SBI, with a sensitivity of 75.0% and a specificity of 79.1% (p Ͻ 001). The best per- 
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forming perforated SBI predictive model used the presence of free fluid and pneumoperitoneum to predict small bowel perforation; however, the sensitivity was only 18.6% and the specificity was 97.0% (p Ͻ 001). The absence of any abnormal findings on CT scan could not rule out small bowel perforation. In fact, 13.0% of patients with perforated small bowel injury at laparotomy had no abnormalities on their preoperative CT scan. Complete results are given in Table 7 .
In an attempt to improve the predictive capability of our model, we included all the variables available to us into the analysis. Repeated attempts at defining a parsimonious model capable of reliably predicting perforated SBI when it was actually present (true-positive) while consistently excluding the injury when it was absent (true-negative) failed to yield a robust product. Multiple logistic regression model iterations revealed that the most accurate, clinically relevant model (abdominal tenderness, peritoneal signs, free fluid without solid organ injury on CT scan) was only marginally predictive of perforated SBI (sensitivity, 56.1%; specificity, 94.4%; accuracy, 88.4%; R 2 ϭ 0.44; p Ͻ 0.001).
DISCUSSION
In keeping with previously published work, the results of this large multi-institutional study indicate that blunt SBI is a rare diagnosis (1% of blunt trauma admissions) and that blunt SBI with perforation occurs in a small minority of patients (0.3%) admitted to major trauma centers in the United States. Before the widespread adoption of abdominal CT scan as the standard diagnostic intervention in patients with blunt trauma, DPL was frequently used to evaluate the patient with blunt abdominal trauma. Because of the high sensitivity and relatively low specificity of DPL for injuries needing repair, 12 patients with blunt abdominal trauma underwent laparotomy much more frequently than they do at the present time. Although many of these laparotomies were nontherapeutic, there were very few missed abdominal injuries after the surgical procedure. 13 The consequences of nontherapeutic laparotomy are not benign, 14 -18 but before the advent of CT scanning, there were few reliable methods for excluding intra-abdominal injury requiring surgical repair. In contrast, current practice patterns involve the use of CT scanning as the diagnostic procedure in the vast majority of patients with blunt trauma, and few patients undergo DPL. 19 In addition, nonoperative management has emerged as a viable option for many patients as a result of the information provided by CT scan and the ability to assess the progression of the patient's injury noninvasively. 8, 9 This large study confirms that SBI is associated with high morbidity and mortality. Perhaps most important in the context of timely diagnosis is corroboration of the finding that delays to operative intervention in patients with perforated SBI were associated with significant increases in morbidity and mortality. 1 This was most prominent in patients with near isolated SBI where there were few confounding variables compared with patients with multiple complex injuries. Patients with near isolated SBI who had operation delayed beyond 24 hours of injury had a mortality rate three times higher than those operated on more promptly (4 -6% vs. 15%, p Ͻ 0.029) ( Table 5 ). The overall complication rate was higher in the entire cohort of perforated SBI patients whose operative repair was delayed more than 24 hours regardless of the presence of other major injuries (Table 5 ). In particular, the rates of systemic sepsis, intra-abdominal abscess, and wound dehiscence were two or more times higher in the patients with extended delays to surgery. It is possible that strong reliance on CT scan to exclude perforated SBI plays a significant role in the delay to operative intervention and subsequent morbidity and mortality. The surgeon in such cases is faced with a supposedly reliable study (the CT scan) that is normal or nonspecific and a patient without definitive indications for abdominal exploration. In view of the consequences of nontherapeutic laparotomy (both documented and perceived), the dilemma facing the clinician can be acute. Although some authors have recommended an aggressive approach including very early operative intervention in SBI patients, 3 our findings suggest that many surgeons continue to feel that some of their patients are better served by watchful waiting.
Certain findings have been reported to predict SBI. Although the presence of a seat belt mark was associated with an increased risk of perforated SBI (RR, 2.4), the absolute risk was still low (Ͻ 5%) and the finding was not adequately discriminatory to be of significant clinical utility. However, in this study, patients with perforated SBI who had abdominal seat belt marks were taken to the operating room an average of 5.6 hours sooner than those without seat belt marks (15.8 vs. 10.2 hours, p Ͻ 0.03). This may have been related to the perception that, contrary to our findings, an abdominal seat belt mark was highly predictive of SBI. Alternatively, patients with an abdominal seat belt mark may have had more abdominal pain and tenderness, prompting earlier exploration. Although the presence of a Chance fracture was highly correlated with an SBI, only 56% of these patients had perforated SBI. Because the specificity of Chance fracture for perforated SBI is thus only 56%, it is of limited utility for discriminating patients with perforated SBI from those without. This lack of specificity is even more limiting considering the rarity of Chance fractures in our study (nine patients).
There have been significantly differing recommendations made in the recent literature regarding the diagnostic approach to the patient with suspected SBI. Some authors have recommended that exploratory laparotomy is warranted in patients with free fluid without solid organ injury on abdominal CT scan. 20, 21 Brasel et al. found free fluid without solid organ injury in 34 (2.97%) of 1,141 patients evaluated with abdominal CT scan over a 28-month period. Thirteen of these patients had laparotomy, which was reported as therapeutic in 54% of patients. They recommended exploratory laparotomy for patients with more than trace free fluid in the abdomen in the absence of solid organ injury. 20 Cunningham et al. found free fluid without solid organ injury in 31 (7.4%) of 418 patients evaluated with abdominal CT scan over a 3-year period. Each of these 31 patients underwent laparotomy, and the authors reported that the laparotomy was therapeutic in 29 (94%) patients. Review of their data reveals that 54% of patients had bowel injuries, but it is difficult to determine how "therapeutic" the operations were, especially for the nonbowel injuries (mesentery, pancreas, ovary, uterus, solid organs). This high rate of therapeutic laparotomy is unmatched in any other publication on the diagnostic utility of free fluid in the abdomen. It is impossible to accurately determine the sensitivity and specificity of the proposed diagnostic model in these two studies because of their retrospective, uncontrolled nature and the small sample sizes. Our results indicate that the majority of trauma centers included in our study have not adopted the recommendations of these two groups. We can only speculate on the reasons for the apparent lack of enthusiasm for this "aggressive" surgical approach. Among possible explanations are the relatively small size of the two series and their retrospective nature, the small number of patients with SBI encountered by most surgeons, and the widespread reliance on negative or nonspecific CT scan of the abdomen. The continued controversy in the literature and the lack of assessable data are highlighted in a recent review and its accompanying editorial. 22, 23 In our study, free fluid was the most common finding on CT scan, noted in 71.6% of patients. Of those with free fluid, 21.1% had perforated SBI. Free fluid without solid organ injury was associated with an 84.2% incidence of SBI but only a 30.5% incidence of small bowel perforation. The presence of free fluid without solid organ injury on abdominal CT scan in our series has a sensitivity of 55.9%, a specificity of 81.8%, and a positive predictive value of 30.5% for determining small bowel perforation. Because of the case-control design of our study, we believe that these statistics are the most reliable data on the sensitivity, specificity, and predictive value of the abdominal CT scan finding of free fluid in the abdomen without solid organ injury.
An important finding in this study was that approximately 13% of patients found to have perforating SBI at the time of laparotomy had a normal preoperative abdominal CT scan. This emphasizes that high reliance on the abdominal CT scan in excluding perforated SBI will result in significantly worse outcomes. With a false-negative value of 13% for perforated SBI, a normal CT scan cannot reliably "rule out" blunt perforated SBI. The prevailing literature to this point had been more reliant on CT scan and more tolerant of delays in diagnosis of SBI. Frick et al. 24 retrospectively studied 70 patients with blunt small bowel and mesenteric injuries seen over a 6-year period. They quoted an incidence of less than 1% for these injuries. Delayed operative intervention was undertaken in 15 patients who had initial CT scans that did not prompt surgery but who went on to have changes in their examination leading to operation. The authors reported that delay in diagnosis occurred in nine patients (14 hours-10 days) without deaths or significant morbidity. Although they did not analyze the patients with perforated SBI separately, review of their article suggests that they encountered 26 "partial lacerations," 11 "complete lacerations," and 11 "devascularization" injuries of the small intestine. It is not clear which of these patients had delay in diagnosis and whether the CT scan was normal. They suggested that certain findings on CT scan (free fluid, thickened bowel, extraluminal air) may suggest small bowel or mesenteric injury and prompt further evaluation. Livingston et al. conducted a multi-institutional study (four centers) over 22 months and prospectively collected 3,822 consecutive patients with suspected blunt abdominal trauma. 25 Of these patients, 2,774 met entry criteria and 2,299 completed the study. The authors were able to follow 1,864 of the 2,082 patients (89.5%) who had a negative CT scan for 20 hours. The CT scan detected 22 of 25 intestinal injuries, for a false-negative rate of approximately 12% for bowel injury (almost identical to our own result). They also found that abdominal tenderness was not predictive of abdominal injury. Although the authors concluded that a negative CT scan in a patient with blunt abdominal trauma was sufficiently reassuring to discharge the patient, adopting their recommendation would result in a predictable rate of missed SBI and the attendant morbidity and mortality associated with such delays. Once again, the low frequency of SBI makes decision making in this context potentially treacherous for patients with this injury.
In 1999, Fang et al. reported what had previously been the largest series of traumatic small bowel perforations. 26 In this series of 111 consecutive patients from Taiwan, the authors confirmed that SBI with perforation was a rare injury and that delays of more than 24 hours to operative repair were associated with an increased complication rate but not a statistically significant increase in mortality. Only one death was considered SBI related, and it occurred in a patient who had surgery delayed over 24 hours. The patient developed an abdominal abscess and an enterocutaneous fistula and later died of sepsis. The mortality rate for patients who had surgery delayed greater than 24 hours did not attain statistical significance, however. This may have been a type II error related to sample size. In their experience, CT scan of the abdomen was associated with a 10.2% false-negative rate (5 of 49 scans read as negative in patients subsequently proven to have SBI with perforation), once again similar to our finding. Of the 49 patients who had a CT scan, 18 (36%) were found to have pneumoperitoneum. Only 2 of the 49 patients had contrast extravasation (4%). Our findings regarding contrast extravasation are consistent with theirs, raising further doubts about the utility of oral contrast in blunt abdominal trauma. They proposed the use of cell count ratio in DPL (lavage WBC count/lavage RBC count divided by the peripheral WBC count/peripheral RBC count) as a reliable diagnostic test. In their hands, the presence of a positive DPL by traditional criteria with one of the following was highly diagnostic of SBI with perforation: cell count ratio greater than 1; elevated amylase; or presence of food, fecal particles, or microorganisms.
Reliance on CT scan in the exclusion of perforated SBI in blunt trauma appears commonplace. In a survey of members of the American Association for the Surgery of Trauma, CT scan emerged as the most common diagnostic tool in the stable blunt trauma patient. 7 The respondents relied heavily on this technology and underestimated the consequences of delay in the diagnosis of perforated SBI. A recent singleinstitution series reflects this confidence in the ability of screening abdominal CT scan to rule out perforated SBI. 11 Malhotra et al. reviewed the department of radiology records of 8,112 patients who underwent abdominal CT scans and selected 100 patients (1.2%) whose scans were suspicious for blunt small bowel and mesenteric injuries for detailed review.
11 There were 60 patients with perforated SBI, and 7 of these patients had a negative abdominal CT scan. This results in a false-negative rate of approximately 12%, which is again remarkably consistent with our findings. We disagree with their conclusion that CT scan will reliably exclude perforated SBI because their data and ours suggest that CT scan will be completely normal in as many as one of six or seven patients with perforated SBI. In the present study, trauma centers managed a mean of 14 patients with perforated SBI each year. We would therefore expect the average facility using standard diagnostic approaches to encounter at least two patients with perforated SBI annually who have significant delays in diagnosis with a relatively high risk of mortality.
A major goal of this study was to investigate sensitive and specific models for the timely diagnosis of perforated SBI. In an attempt to develop diagnostic models with enhanced fidelity, we performed extensive analysis of the data we collected in a case-matched format. Logistic regression modeling failed to yield any combination of findings (including MOI, history, physical examination, laboratory data, plain radiology, CT scan) that had both high sensitivity and high specificity. Multiple logistic regression model iterations revealed that the most accurate, clinically relevant model (abdominal tenderness, peritoneal signs, free fluid without solid organ injury on CT scan) was only marginally predictive of perforated SBI (sensitivity, 56.1%; specificity, 94.4%; accuracy, 88.4%; R 2 ϭ 0.44; p Ͻ 0.001). In clinical terms, adoption of this model would mean that if the clinician were to operate on every patient with the findings mentioned, he or she would correctly diagnose 19 of every 20 patients with perforated SBI but would need to perform nontherapeutic laparotomy in about 50% of the patients. Relying on this model, the clinician would still end up missing/delaying the diagnosis of perforated SBI in 1 of 20 patients. If the clinician's goal is to obtain timely diagnosis in as many patients with perforated SBI as possible while performing the fewest number of nontherapeutic laparotomies, this model offers an improvement over current reliance on abdominal CT scan, where one in six patients is likely to have delay in diagnosis on the basis of a (falsely) negative CT scan.
This study has several limitations. Because SBI can usually only be diagnosed definitively at celiotomy, any patient who died before laparotomy may not have had their SBI diagnosed. In addition, patients with hematomas or serosal tears of the bowel may have been underdiagnosed in this study because only those diagnosed on CT scan or at operation were included. It must therefore be emphasized that all estimates likely represent the minimum extent of occurrence of this serious injury. The true prevalence may be higher. It was not possible to determine whether a patient had perforated SBI at the time of evaluation or instead had an ischemic lesion that later perforated. It is therefore possible that the perforation diagnosed at subsequent laparotomy was not present at the time of diagnostic evaluation. We feel that this is unlikely to be the sequence of events in the majority of patients with perforated SBI. Only a large, tightly conducted prospective study that subjects all patients with a set of defined criteria to laparotomy is capable of answering some of the questions raised by this investigation. We feel that it may be necessary to undertake such a study to resolve the remaining issues related to the timely diagnosis of perforated SBI.
CONCLUSION
Perforated SBI is a rare but potentially deadly phenomenon. Alone or in combination, current diagnostic approaches lack sensitivity in the diagnosis of perforated SBI. Approximately 13% of patients with small bowel perforation after blunt trauma will have a normal abdominal CT scan. A negative abdominal CT scan is therefore inadequate to rule out perforated SBI. Delays in the diagnosis of perforated SBI beyond 24 hours carry significantly higher mortality and morbidity rates. Improvements in diagnostic methods and interpretation are needed to ensure the prompt diagnosis of this uncommon but potentially devastating injury. On the basis of the results of this large, multi-institutional study, a diagnostic approach was developed that should decrease the frequency of delays in the diagnosis of SBI. This represents an incremental improvement in our diagnostic ability for patients with perforated SBI. Overall, however, our ability to diagnose blunt SBI is far from perfect, and the challenge facing the clinician continues to be a formidable one.
